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We photometrically observed three dwarf novae V877 Ara, KK Tel and PU CMa. We 
discovered undisputed presence of superhumps in V877 Ara and KK Tel, with mean 
periods of 0.08411(2) d and 0.08808(3) d, respectively. Both V877 Ara and KK Tel 
are confirmed to belong to long-period SU UMa-type dwarf novae. In V877 Ara, we 
found a large decrease of the superhump period (P/P = — 14.5±2.1 x 10~ 5 ). There is 
evidence that the period of KK Tel decreased at a similar or a more exceptional rate. 
^ . Coupled with the past studies of superhump period changes, these findings suggest 

' that a previously neglected diversity of phenomena is present in long-period SU UMa- 

type dwarf novae. The present discovery of a diversity in long-period SU UMa-type 
systems would become an additional step toward a full understanding the dwarf nova 
phenomenon. PU CMa is shown to be an excellent candidate for an SU UMa-type 
dwarf nova. We examined the outburst properties of these dwarf novae, and derived 
characteristic outburst recurrence times. Combined with the recently published mea- 
surement of the orbital period of PU CMa, we propose that PU CMa is the first object 
filling the gap between the extreme WZ Sge-type and ER UMa-type stars. 

Key words: accretion: accretion disks — stars: cataclysmic — stars: dwarf novae — 
stars: individual (V877 Ara, KK Tel, PU CMa) 



1 INTRODUCTION 

Dwarf novae are a class of cataclysmic variables (CVs), 
which are close binary systems consisting of a white dwarf 



Roche-' obe overflow (for recent reviews, see Warner (1995a); 


ulnicky 1992) of 


Helliei 


(2001a 


)). There exists a class of dwarf novae, called 


(|Whitchurst |l988 



SU UMa-type dwarf novae. All SU UMa-type dwarf no- 
vae show superhumps during their long, bright outbursts 



Osaki 


( 


1996) and 


Warner 



(19951), respectively.] Superhumps are 0.1-0.5 mag modu- 
lations which have periods (superhump period: Psh) a few 
percent longer than the system orbital period (Port.)- The 
difference between Psh and P „ r h is understood as a conse- 



quence of the apsidal motion ( Osaki 1985 ; Molnar fc Kob- 



Hirose & Osaki 



1990 



Lubow 



1991). The 



origin of superhumps is explained as increased viscous dis- 
sipation around periodic conjunctions between the major 
axis of the elongated accretion disk and the secondary star. 
This explanation has been recently confirmed with more 
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detai le d hydrodyn a mical simul ations (Vlurray 1996 



200C). Truss et al. (2000, 2001) indeed succeeded in repro 



1998 



ducing the light curves of dwarf novae with hydrodynamical 
s imulations within the thermal-tidal disk instability model 
( |Osaki|[l989| , [L996D - 

Early development in study of SU UMa-type dwarf no- 
vae largely owed to southe rn br i ght o b jects ( VW Hyi, Z 

Vogtj (|197-| |1980|); [Vo, 



Cha^ OY Car etc 



Vogt 



1982 



0'Donoghuef ( p986^ 



Warneij Wrj WT% TT985P 



at et al 



19834H)7lWarner fc Brickhill| ( [197^ 



Cook fc Warneij ([198 1[ p84|) 



Smak (1978, 1985); Bailey fc Ward 



(1981)) with dedicated telescopes. The recent advent of the 
wide availability of CCDs, however, has opened a new win- 
dow to study of SU UMa-type dwarf novae. Excellent ex- 
amples incl ude (a ) an extension t o fain t objec t s (e.g 
Szko |d^l (|l988|) ; [Howell et al ' 



(1990, 1991); 



Howell 



Mukai et al 



( tl990| ); pzkody et al.| ( |l989j )) and (b) timely observations 



of SU UMa-type outbursts. These new techniques have pro- 
duced a number of striking discoveries or new concepts: e.g. 
recognition of a class of s hort-period, rarely outbursting SU 
UMa-type dwarf novae (Howell et al. 1995 ), establis hment 
the c oncep t of WZ Sge-type d w arf novae |kato et al 
19971, |200ll iHowell et a.l.| |l99€|; |Patterson et alj |1996|, 



1996 



1998 



Nogami et al 1997; Matsumoto et al. 1998; [tshioka et HI 



2001), discove ry of peculiar E R U Ma-type stars (|Kato & 



Kunjayp| | l995|; [Robertson et al.|[l995t |Nog ami et al 1995 



Patterson et al [1995| ; [K ato et al 



1996), and discovery of 
ultra-short period SU UMa-type dwarf novae breaking the 



standa rd evolutionary sequence of shor t-period CVs (Ue- 
mura e 



al 



2002a 



Skillman et al. 2002). These discoveries 



have dramati cally changed our unde rstanding of CVs. In 
recent years, Woudt & Warnei (2001) applied a technique 



of time-re solved CCD phot o metry , which was lar g ely in tro- 
duced by |Howell fc Szkodyj (|l98&j); |5zkody et ai] (|l989j), to 



the previously unexploited field of faint southern CVs, and 
has indeed proven the high productivity of such a study. 

In the most recent years, the advent of the Internet, 
wide availability of CCDs and a global network of observers, 
best exemplified by the VSNET Collaboration^] has enabled 
a rapid circulation of outburst alerts and opened a new win- 
dow to globally and timely study the novel field of transient 
object astronomy. Combined with the established technique 
of time-resolved CCD photometry of outbursting dwarf no- 
vae, this kind of global collaboration has become a break- 
through in study of CVs (a wealth of scientific highlights 
is presented on the VSNET webpage). In this paper, we 
present the very first result of this global network on newly 
discovered outbursts of southern CVs. 



2 CCD OBSERVATION 

The observers, equipment and reduction software are sum- 
marized in Table |l| The Kyoto observations were analyzed 
using the Java™-based PSF photometry package developed 
by one of the authors (TK). The other observers performed 
aperture photometry. The observations used unfiltered CCD 
systems having a response close to Kron-Cousins R c band 



http: / /www. kusastro.kyoto-u.ac.jp/vsnot/ 



Table 1. Observers and Equipment. 



Observer 


Telescope 


CCD 


Software 


Santallo 


20-cm SCT 


ST-7E 


AIP4Win 


Bolt 


25-cm SCT 


ST-7 


MuniPack" 


Richards 


18-cm refractor 


ST-7E 


AIP4Win 6 


Nelson 


32-cm reflector 


ST-8E 


AIP4Win 


Monard 


30-cm SCT 


ST-7E 


AIP4Win 


Kyoto 


25-cm SCT 


ST-7 


Java c 


Kiyota 


25-cm SCT AP-7 + V filter 


MIRA A/P 


a pttp://munipack. astronomy.cz 






b Maxlm/DL was used for KK Tel. 




c See text. 









for outbursting dwarf novae, except for the V-band observa- 
tion by SK. The errors of single measurements are typically 
less than 0.01-0.03 mag unless otherwise specified. 

Barycentric corrections to the observed times were ap- 
plied before the following analysis. 



3 V877 Ara = NSV 08383 
3.1 Introduction 

V877 Ara was originally discovered as a suspected vari- 
able star (CSV 7612 = NS V 08383). The sta r was s elected 
as a possible dwarf nova in [Vogt fc Bateson| ([l982|) . From 
the finding chart presented in this literature, Lopez (1985) 
provided astrometry of the proposed quiescent counterpart 
at I7 h 16 m 58 s . 96, -65° 33' 00". 2 (precessed to J2000.0). 
The star has been intensively monitored by members of 
the VSNET Collaboration. The first outburst was detected 
by B. Monard on 1999 February 27 at visual magnitude 
14.2 (vsnet-alert 2715)0. Monard further noticed that the 
outbursting object is different from the proposed quiescent 
counterpart (vsnet-alert 2727)^]. Although no detailed time- 
resolved photometry was performed, the overall behavior of 
the 1999 February-March outburst resemble that of a super- 
outburst of an SU UMa-type dwarf nova (vsnet-alert 4110)0. 



3.2 Long-term Light Curve 

Figure ^ shows the long-term visual light curve of V877 Ara. 
Four major outbursts occurring at JD 2451236, 2451805. 
2452129 and 2452433 are clearly seen. As shown 
tion 



m sec- 

3.4, the major outburst around JD 2452433 is a su- 



peroutburst as demonstrated by the secure detection of su- 
perhumps, thereby establishing the SU UMa-type nature of 
V877 Ara. The ear lier three outbursts had durations longer 
than 5 d (section |3.6| ), and comparable maximum magni- 
tudes to that of the JD 2452433 outburst. Since all well- 
observed long (more than 5 d) outbursts of SU UMa -type 
dwarf novae have been confirmed to be superoutbursts ( Vogt 



2 httD: //www.kusastro.kvoto- 


u. ac.jp/vsnct/Mail /alert2000 / 


msg00715.htm]!. 


J http: //www. kusastro.kyoto- 


u. ac.jp/vsnet/Mail /alert2000 / 


msp-0ri727.html. 


* [httD: / /www.kusastro.kyoto- 


u. ac.jp/vsnet/Mail/alert4000/ 



msg00110.html. 
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Figure 1. Long-term visual light curve of V877 Ara. Large and small dot represent positive and negative (upper limit) observations, 
respectively. Four major outbursts occurring at JD 2451236, 2451805, 2452129 and 2452433 are superoutbursts. 



Table 2. Journal of the 2002 CCD photometry of V877 Ara. 



2002 Date 


Start- 


-End a 


Exp(s) 


N 


Obs 6 


June 9 


52434.951- 


-52435.110 


50 


194 


S 


11 


52436.959- 


-52437.123 


50 


163 


s 


11 


52437.069- 


-52437.283 


60 


273 


B 


15 


52441.010- 


-52441.219 


75 


215 


B 


17 


52442.920- 


-52443.222 


240 


93 


R 


17 


52443.105- 


-52443.285 


120 


120 


B 



a BJD-2400000. 

6 S (Santallo), B (Bolt), R (Richards) 



198C| ; |Warncr||l98^ ), we can safely conclude that these out- 
bursts are indeed superoutbursts. Two shorter outbursts 
were detected between these outbursts. These outbursts are 
most likely normal outbursts. The overall characteristics of 
the long-term light curve is that of a typical SU UMa-type 
dwarf nova. 



3.3 The 2002 June Superoutburst 

The 2002 June outburst was detected by R. Stubbings on 
June 7 at visual magnitude 13.8. The object was reported to 
be below the detection limit on the previous night; the out- 
burst must have been caught during its earliest stage. We 
undertook time-resolved CCD photometry campaign. The 
magnitudes were measured relative to CSC 9060.112, whose 
constancy during the observation was confirmed by a com- 
parison with CSC 9060.610. The log of observations is given 
in Table § 

Figures || and || are the overall and nightly light curves 
of V877 Ara. Gradually decaying superhumps are clearly 
visible on all nights; this confirms the SU UMa-type nature 
of V877 Ara. The overall light curve shows a linear decline 
with a rate of 0.12 mag d _ . This value is quite characteristic 
of a normal SU UMa-type dwarf nova. The dip- like structure 
near the end of the June 17 run may have been a result of 
slightly unfavorable observing condition. 




BJD - 2452400 



Figure 2. Light curve of the 2002 June superoutburst of V877 
Ara. The magnitudes are given relative to CSC 9060.112 and are 
on a system close to _R C . 



3.4 Superhump Period 

Figure ^ shows the result of a per iod analysis using Phase 
Dispersion Minimization (PDM: stellingwerf (1978)) ap- 



plied to the entire data set after removing the linear de- 
cline trend. The selection of the correct period among pos- 
sible aliases was performed using an independent analysis 
of the longest run (June 11), which yielded a period of 
0.0853(4) d.| This selection was also confirmed by a com- 
parison with the independently obtained period (0.0842 d) 
communicated from S. Walker based on his June 10 observa- 
tion. The adopted mean period during the superoutburst is 
0.08411(2) d. A relatively large difference between the mean 



5 The quoted error from a single-night observation should be re- 
garded as an approximation rather than the true error, since an 
estimated of such a period may have been affected by an un- 
corrected systematic variation of the observing condition or an 
intrinsic variation in the waveform. We therefore regard that the 
seeming difference between nightly-based periods on June 10 and 
June 11 is not significant. This error, however, safely rejected the 
longer possible alias by at least 6o\ 
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Figure 3. Nightly light curves of V877 Ara. Gradually decaying 
superhumps are clearly visible on all nights. 
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Figure 4. Period analysis of V877 Ara. See text for the explana- 
tion of the selection of the correct alias (Psh = 0.08411 d). 



period and a period on a single-night basis may be ascribed 
to the large superhump period change described later. Fig- 
ure ^| shows the phase-averaged profile of superhumps. The 
rapidly rising and slowly fading superhu mp profile is charac- 

Warnei 



terist ic of an SU UMa-type dwarf nova (Vogt 



1985| ) 



1980 



We extracted the maxima times of superhumps from the 
light curve by eye. The averaged times of a few to several 
points close to the maximum were used as representatives 
of the maxima times. The errors of the maxima times are 



I i i i I i i i I i i i I i i i I i i i I i i i I 

V877 Ara (P=0.0841 1 d) 




Superhump phase 

Figure 5. Mean superhump profile of V877 Ara. 
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Figure 6. O — C diagram of superhump maxima of V877 Ara. 
The error bars correspond to the upper limits of the errors. The 
parabolic fit corresponds to equation ^ 



usually less than ~0.002 d. The resultant superhump max- 
ima are given in Table |^. The values are given to 0.0001 
d in order to avoid the loss of significant digits in a later 
analysis. The cycle count (E) is defined as the cycle number 
since BJD 2452434.961. A linear regression to the observed 
superhump times gives the following ephemeris: 

BJD(maximum) = 2452434.9715(31) + 0.084025(47)^. (1) 

Figure |^ shows the (O — C)'s against the mean super- 
hump period (0.084025 d) from a linear regression (equation 
|l|) . The diagram clearly shows the decrease in the superhump 
period throughout the superoutburst plateau. The times of 
the superhump maxima in this interval can be well repre- 
sented by the following quadratic equation: 



BJD (maximum) 



2452434.9633(18) + 0.084659(92)£ 
-6.12(87) x 10" 6 S 2 . (2) 



The quadratic term corresponds to P = — 12.2±1.7 x 
10" 6 d cycle -1 , or P/P = -14.5±2.1 x 10" 5 . This mea- 
sured quadratic term is one of the extr emely negative va lues 
among all SU UMa-type dwarf novae ( Kato et al. 2001 ). 
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Table 3. Times of superhump maxima of V877 Ara. 



E a 


BJD-2400000 


O - C* 





52434.9606 


-0.0109 


1 


52435.0482 


-0.0073 


24 


52436.9913 


0.0032 


25 


52437.0784 


0.0063 


26 


52437.1613 


0.0051 


27 


52437.2469 


0.0067 


72 


52441.0234 


0.0021 


73 


52441.1086 


0.0032 


74 


52441.1945 


0.0051 


95 


52442.9510 


-0.0029 


9(5 


52443.0387 


0.0008 


97 


52443.1145 


-0.0075 


98 


52443.2022 


-0.0038 



a Cycle count since BJD 2452434.961. 
b O — C calculated against equation hi 



3.5 Astrometry and Quiescent Counterpart 

Astrometry of the outbursting V877 Ara was performed on 
CCD images taken by R. Santallo and B. Monard. An av- 
erage of measurements of seven images (UCAC1 system, 
60 - 150 reference stars; internal dispersion of the mea- 
surements was ~0".03) has yielded a position of 17 h 16 m 
53 a .936, -65° 32' 51". 49 (J2000.0). The position agrees with 
the USNO-A2.0 star at I7 h 16 m 53 s . 926, -65° 32' 51". 80 
(epoch 1979.891 and magnitudes r = 17.8, b = 19.1), which 
is most likely the quiescent counterpart of V877 Ara (Figure 
0). Comparing with the USNO-A2.0 position and the DSS 
1 images (epoch = 1975 - 1978), no apparent proper motion 
was detected; its upper limit is deduced to be 0".04 yr _1 . 
No counterpart is recorded in GSC-2.2, UCAC and 2MASS 
catalogs. 



3.6 V877 Ara as an SU UMa-type Dwarf Nova 

Table ^ lists the recorded outbursts of V877 Ara. The dura- 
tions of outbursts have a clear bimodal (<2 d or >5 d) distri- 
bution, whi c h is very char acteristic of an SU UMa-type star 
(Vbgt 198C; Warner 1985). The observed intervals between 



superoutbursts implies the existence of a missed superout- 
burst around the solar conjunction between JD 2451236 and 
JD 2451805. The intervals between superoutbursts (supercy- 
cle length) are thus 285-374 d. The observed number of nor- 
mal outbursts between superoutbursts does not seem to be 



exceptionally low for an SU UMa-type star (Warner 1995b 



Nogami et al. 1997) considering the faintness (14.2-14.6 
mag) of normal outbursts, which is close to the detection 
limit. Future deep monitoring is encouraged to determine 
the true cycle length of normal outbursts. 



4 KK Tel 

4.1 Introduction 



KK Tel i s a dw arf nova discovered by C. H offmeister, Vbgt & 



Batcson (1982) provided a finding chart. Howell & Szkody 
(1990) suggested that KK Tel may be a member of high 
galactic latitude CVs, which were then considered to be 



Figure 7. Identification of V877 Ara. (Upper) In quiescence, re- 
produced from the DSS 2 red image. (Lower) In outburst, taken 
on 2002 June 09 by BM. V = V877 Ara, A = GSC 9060.112, B 
= GSC 9060.610 (see text for the details). 



Table 4. List of Outbursts of V877 Ara. 



JD start a 


JD end a 


Max 


Duration (d) 


Type 


51236.6 


51241.4 


14.1 


>5 


super 


51577.3 




14.6 


1 


normal 


51805.2 


51811.9 


14.1 


>7 


super 


52032.3 


52033.3 


14.2 


2 


normal 


52129.2 


52137.2 


14.1 


>8 


super 


52432.9 


52445.3 


13.9 


13 


super 


a JD-2400000. 
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Table 5. Journal of the 2002 CCD photometry of KK Tel. 



2002 Date 


Start- 


-End a 


Exp(s) 


N 


Obs 6 


June 18 


52443.969- 


-52444.070 


45 


133 


N 


20 


52445.946- 


-52446.228 


120 


171 


R 


22 


52448.075- 


-52448.151 


30 


136 


S 



a BJD-2400000. 

b N (Nelson), R (Richards), S (Santallo) 



a new population of CVs with large outburst amplitudes 
( [Howell et ai|l99Ej ) . [Howell et al] flL99l| ) obtained CCD time- 
resolved photometry of KK Tel in quiescence, and recorded 



regularly recurring h umps with a p e riod o f 0.084 d. Among 
the CVs studied by [Howell et al] fll99l|), KK Tel showed 



most prominent humps, which res embled those of a high- 



inclination eclipsing CV , D V UMa ( Howell et al 



Howell & Blanton 



1993) 



1987 



1988 



in KK Tel was further discussed in 



The charac teristics of the hump s 
(h996|). 



Howell et al 



Zwitter & Munari (1995) obtained a spectrum in quiescence, 
and confirmed the presence of Balmer emission lines. This 
observation spectroscopically confirmed the CV nature of 
KK Tel. Since the reported period strongly suggests the SU 
UMa-type nature, we undertook a photometric campaign. 



4.2 The 2002 June Superoutburst 

The 2002 June outburst was detected by R. Stubbings on 
June 17 at visual magnitude 13.8. Due to a 4-d gap of obser- 
vation before this detection, the exact epoch of the start of 
the outburst was not determined. We started a CCD pho- 
tometric campaign following this detection. Each observer 
measured relative magnitudes against a constant star in the 
same field. Since different observers used different compar- 
ison stars and the accurate adjustment of the zero point is 
difficult because of the presence of a close visual companion 
to KK Tel, we simply subtracted a nightly average from each 
runs and the combined data were subject to period analyses. 
The log of observations is given in Table |^. 



4.3 Superhump Period 

Figure ^| shows nightly light curves of KK Tel. Superhumps 
are clearly visible on all nights. This observation has finally 
established the SU UMa-type nature of KK Tel. The rel- 
atively large scatter on June 20 may have been caused by 
an interference by the nearby companion. Figure ^| shows 
the result of PDM period analysis. The selection of the cor- 
rect period among possible aliases was performed using an 
independent analysis of the longest run (June 20), which 
yielded a period of 0.0878(10) d. The identification of the 
superhump period is also confirmed by a comparison with 



the quiescent photometric period of 0.084 d (Howell et al 



1991). No other alias gives a reasonable match with this qui- 
escent period. The best determined mean Psh is 0.08808(3) 
d. 

We extracted the maxima ti mes of superhumps from 
the light curve just as in section B4J. The resultant super- 
hump maxima are given in Table H. A linear regression of 
the observed times is given in equation ^. 



i i | i i i i | i i i i | i i i i | i i i i | i i i i | i i i i | 



A 

* \ June 18 



June 20 



f 



■ Hz* V-v ■ 



June 22 ^^^^^ 



I .... I .... I .... I .... I .... I .... I- 



-.05 



.05 .1 .15 
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Figure 8. Nightly light curves of KK Tel. Superhumps are clearly 
visible on all nights. 
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Period (d) 

Figure 9. Period analysis of KK Tel. See text for the explanation 
of the selection of the correct alias (Psh = 0.08808 d). 



Table 6. Times of superhump maxima of KK Tel. 



E a BJD-2400000 



O-C* 





23 
24 
25 
47 



52444.0018 
52446.0351 
52446.1233 
52446.2112 
52448.1379 



-0.0055 
0.0036 
0.0038 
0.0037 

-0.0057 



a Cycle count since BJD 2452444.002. 
b O — C calculated against equation [a 
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BJD(maximum) = 2452444.0072(50) + 0.08801(18)^. (3) 

The times of the superhump maxima in this interval 
can be well represented by the following quadratic equation: 

BJD (maximum) = 2452444.0018 + 0.08880S 

-1.69 x 10~ 5 £ 2 . (4) 

Nominal errors of the fit are not shown because of the 
small degree of freedom in the data. Although further de- 
tailed observations are needed to exactly determine the pe- 
riod derivative, the presently measured period change corre- 
sponds to P = -3.3 x 10~ 5 d cycle -1 , or P/P = -3.7x 10~ 4 . 
Even if we allow most pessimistic measurement errors of 
0.01 d (14 min) for superhump maxima, the period deriva- 
tive varies only by ~ 10%. We thereby adopted P/P — 
-3.7(4) x 10~ 4 for KK Tel. 



Table 7. List of Outbursts of KK Tel. 



JD start" 


JD end" 


Max 


Duration (d) 


Type 


50619.1 




13.9 


? 


normal? 


50746.9 


50748.0 


13.9 


2 


normal 


50870.2 


50876.2 


13.8 


>6 


super 


51077.0 


51077.1 


14.7 


1: 


normal 


51259.4 


51267.4 


13.7 


>8 


super 


51426.1 




14.0 


1: 


normal 


51500.0 




14.0 


1: 


normal 


51682.1 


51691.4 


13.6 


>9 


super 


51787.2 


51788.0 


14.8 


1: 


normal 


51862.9 


51864.0 


13.9 


2 


normal 


51975.2 




14.4 


1: 


normal 


52443.0 


52248.2 


13.8 


>5 


super 



a JD-2450000. 



4.4 Astrometry and Quiescent Counterpart 

Astrometry of the outbursting KK Tel was performed on 
CCD images taken by P. Nelson and T. Richards. An average 
of measurements of two images (UCAC1 system, 26 - 70 
reference stars; internal dispersion of the measurements was 
~0".3) has yielded a position of 20 h 28 m 38 s . 51, -52° 18' 
45". (J2000.0, epoch=2002.461). The position agrees with 
the USNO-A2.0 star at 20 h 28 m 38 s .471, -52° 18' 45". 34 
(epoch 1982.057 and magnitudes r = 17.8, b = 18.6), and the 
GSC-2.2 star at 20 h 28 m 38 s .456, -52° 18' 45". 17 (epoch 
1976.637 and magnitude Bj = 19.24). This identification 
has confirm ed a large outburst amplitude inferred by 
et al.| fll99l|). 



Howell 



4.5 KK Tel as an SU UMa-type Dwarf Nova 

Figure llOj shows the long-term visual light curve of KK Tel. 
Table r7Jlists the observed outbursts. Four well-defined su- 
peroutbursts (JD 2450870, 2451259, 2451682, 2452443) with 
durations longer than 5 d are unambiguously identified (cf. 
section 3.2). From the relatively regular intervals between 
superoutbursts, we obtained a mean supercycle length of 394 
d. This supercycle length is rela tively long among lo ng- Psh 
SU UMa-type dwarf novae (e.g. [Nfogami et ai] ( |l997Jt) fl The 



long supercyc l e implies a low mass-transfer rate (Echikawa 



fe Osaki 1994 



Osaki 



1996) 



which is consistent with the rel- 
atively large (~5.4 mag) outburst amplitude. 

The present secu re superhump detec tion has confirmed 
the identification by [Howell et af fll99l| ) that the 0.084 d 
period is the orbital period. By adopting P or b = 0.084 d 
and the mean Psh = 0.08808 d, we obtain a fractional su- 
perhump excess (e = Psii/Porb — 1) of ~5%. Although the 



We generally refer to systems with Pgn longer than ~0.08 
d as long-PsH SU UMa-type dwarf novae in this paper. These 
periods are close to the lower edge of the CV period gap, in which 



the niirri 



( Warner 



sity of the observed CVs is markedly decreased 
1995a|), and the properties of the systems with these 



periods are considered to most strongly refle ct their evolutionary 



stage s among the SU UMa-type dwarf novae ( Podsiadlowski et al 
200 1|). 



exact determination of the orbital period would require ad- 
ditional observations^ the fractional superhump excess is 
not unusual for an SU UMa- t ype dwarf nova with this P or b 
( [Molnar fc Kobulnicky| |l992| ; jPatterson| |l~998| ) . 

The appearance of strong hump features in quiescence 
suggests that KK Tel would have a high orbital inclination. 
This possibility is further stre ngthened by the p r esenc e of 
broad Balmer emission lines (Zwitter & Munari 1995). A 



close examination of the light curves obtained during the 
present superoutburst, however, did not reveal the presence 
of eclipses. With a likely high inclination, KK Tel would 
be a promising target to precisely determine physical pa- 
rameters of a long-period SU UMa-type dwarf nova. There 
would also be a possibility of observing a beat phen omenon 
betwe e n Ps h and P or b during superoutbursts (e.g. 



et al 



Ishioka 



(2001)), although a short baseline of the present ob- 



servation did not allow us to confirm this phenomenon. 



5 PU CMa = RX J0640 24 

RX J0640-24 (=1RXS J064047.8-242305) is a ROSAT- 
selected cataclysmic variable, normally at B — 15.4. Based 
on the detection at mag 11 on one ESO B pl ate, the object 
has b een suspected to be a dwarf nova (cf. Downes et al. 
( |l997| )). The object is located at 06 h 40 m 47 s .691, -24° 23' 
14". 04 (GSC-2.2, J2000.0, epoch=1996.131, r = 14.87, b = 
16.17). The object was monitored by one of the authors (PS) 
using an AP-8 CCD camera attached to the 50-cm reflec- 
tor at the Iowa Robotic Observatory (IRO). Schmeer (2000, 
vsnet-alert 3956)0 finally discovered a new outburst on 2000 
January 6.348 UT at unfiltered CCD magnitude of 11.5, and 
established the dwarf nova classification. Upon this alert, we 
started time-resolved CCD photometry at Kyoto (TK and 
MU) and Tsukuba (SK). The Tsukuba observation further 
covered the later part of the 2000 February outburst, which 
was detected by one of the authors (R. Stubbings). 



' Our in dependent est i mate from the extracted values from the 
figures in Howell et al. (1991) has confirmed that the suggested 



period is likelv 


to he correct to 


8 htto://www 


.kusastro.kyoto-u.ac.jp/vsnet/Mail/alert3000/ 


msg00956.htm 
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Figure 10. 

respectively. 
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JD - 2450000 

Long-term visual light curve of KK Tel. Large and small dot represent positive and negative (upper limit) observations, 
Outbursts marked with vertical ticks are superout bursts. 



Table 8. Nightly averaged magnitudes of PU CMa 



PU CMa = RX J0640-24 



BJD start" 


BJD end" 


Mean mag c 


Error d 


N d 


Obs. e 


51551.202 


51551.257 


1.544 


0.013 


137 


K 


51552.065 


51552.206 


5.406 


0.025 


63 


T 


51552.123 


51552.268 


2.516 


0.028 


312 


K 


51554.187 


51554.260 


3.010 


0.092 


60 


K 


51558.190 


51558.196 


3.106 


0.100 


14 


K 


51559.181 


51559.199 


3.597 


0.057 


19 


K 


51561.156 


51561.202 


3.417 


0.049 


116 


K 


51599.003 


51599.018 


4.331 


0.012 


10 


T 


51599.963 


51600.009 


5.399 


0.029 


31 


T 


51831.261 


51831.264 


2.929 


0.262 


8 


K 


52422.178 


52422.224 






99 


M 



a BJD-2400000. 

b Magnitude relative to GSC 6512.166 (Kyoto), 

GSC 6512.908 (Tsukuba). 
c Standard error of nightly average. 
d Number of frames. 



K (Kyoto), T (Tsukuba), M (Monard). 



The magnitudes of Kyoto CCD observations were de- 
termined relative to GSC 6512.166 (Tycho-2 magnitude: 
V = 12.43 ± 0.17, B - V = +0.91 ± 0.34). The mag- 
nitudes of Tsukuba observations were determined relative 
to GSC 6512.908 (Tycho-2 magnitude: V = 9.10 ± 0.01, 
B — V — +1.31 ± 0.03). The constancy of comparison star 
during the run was confirmed by comparison with GSC 
6508.1168 at both observatories. The log of observations is 
given in Table ^| BM obtained another set of time-series 
photometry on 2002 May 27 (during the 2002 May long 
outburst). Because of the different comparison star system, 
average magnitude of BM's observation is not listed in Table 

1 

The upper panel of Figure 1111 shows the light curve 
of the 2000 January outburst drawn from the Kyoto data. 
The light curve shows a rapid initial decline at a rate of 
~1.0 mag d _ . The decline became slower as the object ap- 
proached its minimum magnitude. The object returned to 
quiescence within 4 d of the initial detection of the rise. 
The object was observed at quiescence (15.4 mag) two days 
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Figure 11. (Upper) Light curve of the 2000 January outburst 
of PU CMa drawn from the Kyoto data. Nightly averaged mag- 
nitudes are plotted with error bars representing standard errors. 
(Lower) Enlarged light curve of the 2000 January outburst. The 
Kyoto data on January 8 were binned to 0.002 d. 



before the outburst detection. Such rapid evolution of the 
outburst suggests a normal outburst of an SU UMa-type 
dwarf nova. The lower panel of Figure |n] shows an enlarged 
light curve of the 2000 January outburst, drawn from Ky- 
oto and Tsukuba observations. The Tsukuba observation 
on January 8 were shifted by 2.966 mag in order to get the 
best match. A smooth, slow modulation was observed on the 
first night (January 7), while it became more irregular on 
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2000 February 24 



2000 February 25 
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Figure 12. (Upper) Enlarged light curve of the 2000 February 
outburst of PU CMa. (Lower) Time-resolved photometry of the 
2002 May long outburst. 



January 8. The time scale of the January 7 variation looks 
slightly longer than the observing run (1.3 hr), which may 
reflect some sort of a hump- like feature (e.g. orbital humps) . 

The upper panel of Figure ^ shows an enlarged light 
curve of the 2000 February outburst, drawn Tsukuba ob- 
servations. Periodic-looking modulations were observed on 
February 25, with a likely period of 0.032-0.033 d. Although 
the origin of the modulation is not clear, it may be related 
to some harmonic of the orbital period. The lower panel of 
Figure shows a time-resolved light curve taken on 2002 
May 27, the unique photometric run during a long outburst. 
Although there is a suggestion of ~0.1 mag modulation, the 
unfavorable photometric condition and the short seasonal 
visibility make it difficult to draw a conclusion on the exis- 
tence of superhumps. 

Figure ^| depicts a long-term light curve of PU CMa, 
based on visual observations (R. Stubbings, AP, BM, TW), 
as a part of VSNET Collaboration. All observers used V- 
band comparison stars. In addition to short outbursts as 
observed in 2000 January and February, three long outbursts 
[JD 2451677 (2000 May), 2452056 (2001 June), 2452418 
(2002 May)] were detected. The overall characteristics of 
outbursts are very reminiscent of an SU UMa-type dwarf 
nova. The interval of long, bright outburst (likely superout- 
bursts) was 362-391 d, which may be the supercycle of this 
star. If this periodicity continues, superoutbursts in the im- 
mediate future will be difficult to observe. 



We also note that the second and third long outbursts 
were preceded by a precursor 13 d and lid, respectively, be- 
fore each outbursts. Such appearance of precursors are rela- 
tively common in SU UMa-typ e superoutbursts (e.g. Marino 
Walker ( 1979] ); Kate] (1997)), and is naturally explained 



to reflect two-step ignitions (thermal instability and tidal in- 
s tability) within th e framework of the disk-instability model 



saki 



1989 



1996). If PU CMa would turn out to be an SS 



Cyg-type dwarf nova rather than an SU UMa-type dwarf 
nova, such a feature should require a different mechanism. 

Although definitive classification requires further time- 
resolved photometry, we propose that PU CMa to be an 
excellent candidate for an SU UMa-type dwarf nova. This 
indication is also strengthene d by the recently reported or - 
bital period of 0.05669(4) d ( [Thorstensen fc Fenton] |2002| ). 
This period is one of the sh ortest periods among th e known 
SU UMa-type dwarf novae (Thorstensen et al. 2002). Most of 
the systems with similar orbital periods show significant de- 
viations (either related to WZ Sge-type dwarf novae or ER 
UMa-type dwarf novae) from normal SU UMa-type dwarf 
novae. PU CMa, with its outburst properties strongly re- 



sembling a n ormal SU UMa-type dwarf nova (Vogt 



Warner 



198C 



1985), may be the first object filling the gap between 



the extreme WZ Sge-type and ER UMa-type systems. 



6 SUPERHUMP PERIOD CHANGES IN 
LONG-PERIOD SYSTEMS 

We have shown that V877 Ara has a definitively large de- 
crease of the superhump period. Even allowing for unusually 
large measurement errors of superhump times, an even more 
striking decrease is inferred in KK Tel. The periods of "text- 
book" superhumps in usual SU UMa-type dwarf no vae have 
been k n own to decrease during a s upcrout b urst (e.g 



et al 



Patterson et al. 



( |1993; )). |Warncr| Jl98£| ); 



Warner 



Patterson 



(1993) showed that the period derivative (Pdot = P/P) 
has a rather common negative value (~ —5 x 10 -5 ). This pe- 
riod change has been generally attributed to decreasing ap- 
sidal motion due to a decreasing disk radius ( Osaki 1985 ) or 
inward propagatio n of the eccentricity wave ( [Lubow 1992) 



Kato ct al. (2001) systematically studie d Pdot in SU UMa - 
type dwarf novae. Within the survey by Kato et al. (2001), 
most of long-P or b SU UMa-type dwarf novae have been con- 
firmed to show a "textbook" decrease of the superhump peri- 
ods. On the other hand, short-period systems or infrequently 
outbursting SU UMa-type systems have been found to pre- 
dominantly show an increase in the superhump periods. 
In rece nt years, some l ong-p eriod SU UMa-type stars 



(V725 Aql: Uemura et al 
et al, in preparation 



( |200lD ; EF Peg: K. Matsumoto 
have been known to show zero or 



marginally positive Pdot- While this finding seems to give 
an impression that Pdot makes a minimum around the pe- 
riod of 0.07-0.08 d, the discovery of a large negative Pdot 
in long-period systems (V877 Ara and KK Tel) more im- 
plies a previously neglected diversity of Pdot in long-period 
SU UMa-type systems. Figure ^ shows P/P versus Psh for 
SU UMa-type dwarf novae. This diagram clearly shows the 
present of different populations (i.e. systems with Pdot ~0 
and systems with definitely negative Pdot) in long-period 
(Psh > 0.08 d) systems. 

The origin of different P/P among SU UMa-type dwarf 
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Figure 13. 

respectively. 



Long-term visual light curve of PU CMa. Large and small dot represent positive and negative (upper limit) observations, 
Three long outbursts (JD 2451677, 2452056, 2452418) were detected. 
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Figure 14. P/P versus Pgu for SU U Ma-type dwarf n ovae. The o pen circles ar 



J232953.9+062814 and V725 Aql is from Uemura et al. (2002b) and Ucmura ct al 



p frorr 
(2001) 



Kato ct al 



(2001). The data points of 1RXS 



novae was first attributed to different tidal torques in dif- 
ferent binary mass ratios (q = M2/M1) [i.e. short- Psh WZ 
Sge stars have the lowest q, which could explain the sma ll 



tidal effect o n the accretion disk (Patterson et al. 1992) 



Kato et al 



(1998) further proposed an idea that a large 



dis k radius in supe r outbu rsting WZ Sge-type dwarf novae 



(cf. Osaki & Meyer (2002)) enables outward propagation of 



eccentr icity waves, which is responsible for positive P/P 



WZ Sg i-type stars. Recent discoveries of nearly zero P/P 
in long-period, low mass-transfer rate (M) systems (EF Peg 
and V725 Aql), however, seem to more favor a new interpre- 



tation that P/P more reflects M (see also Kato et al. (2001) 
for more discussion) . If the latter possibility is the origin of 
different P/P, the present discovery of a diversity of P/P 
provides new evidence of a wide variety of M in long-period 
SU UMa-type dwarf novae. In short-period SU UMa-type 
dwarf novae (and related systems), there is a well-established 
diversity [WZ S ge-type stars and ER UMa stars, permanent 



terson 



1993 



superhumpe r s ([Dobrzycka fc Howell 1992; Skillman & Pat 



Ringwald et al. 1996)]. There have been two 



recent attempts to interpret this diversity by introducing 
an inner truncation of the accretion disk and irradiation on 
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the seconda ry sta r (Buat-Menard et al. 2001; Buat-Menard| 
& Ham 3ury 2002 ) and by considering a decoupling b etween 



the th ermal and tidal instabilities in low q systems (Hellier 
2001b). Both models are expected to show smaller effects 



in long-period SU UMa-type stars (e.g. Psh > 0.08 d), and 
we probably need a different explanation. Further measure- 
ments of P/P in a larger SU UMa-type sample would be- 
come a key in solving this still puzzling phenomenon. There 
is a recently established and addressed diversity in short - 
period SU UMa-type systems (Warner 1995; Nogami 1998 ), 
which has led to new insights in to fundamental problems 
of accretion disks (bsaki||l995apb1; |Buat-M6nard et aT] |200l[ 



Buat-Menard fe Hameury||2002[ Pellier||2001b| ). The present 
discovery of a diversity in long-period SU UMa-type systems 
would become an additional step toward full understanding 
the dwarf nova and CV phenomenon. 
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